The effect of blue and red light on the growth and activity of antioxidant enzymes in winter wheat sprouts, in case of infection with Fusarium oxysporum was investigated. It was shown, that blue and red spectral regions could regulate the activity of antioxidant enzymes in nine-day wheat germs, both in normal state and when infested with Fusarium oxysporum. Red spectral region increased the activity of peroxidase, catalase, ascorbate peroxidase, under the influence of Fusarium oxysporum, while only the peroxidase activity was increased in blue light. When colonizing the roots of sprouts by Fusarium oxysporum, lipid peroxygenation decreases in red and blue light, which may indicate their resistance to the studied phytopathogen. It was established, that the red spectral region stimulated the growth parameters of the aboveground and underground parts of wheat sprouts. In case of germs infestation with the pathogenic fungus Fusarium oxysporum, significant production of dry weight by the underground partsof the plants was observed.
Introduction
Among the priority areas of modern crop farming are the researches in the field of plant resistance to pathogenic organisms. The knowledge of the mechanisms, using which plants develop systemic stability, is of great practical importance, since annually the various pathogens of diseases of cultivated plants deteriorate the commercial qualities of food products, and reduce the total yield by 40% [Hammond-Kosack et al., 2000] . Fusarium oxysporum plays the role of a quiet killer -as far as pathogenic histamines of this fungus can keep in the soil and on plant residues for 30 years, and remain virulent and capable of infecting plants. Conidia of this fungus are transferred by water, insects, through instruments and by air. Mass development of fungi is observed in the conditions of high humidity and temperature. Roots browning and rot, thinning of the root part of the stem are observed in the affected plants. Under the influence of F. oxysporum, plants faded and, as a rule, then they died. Fusarium affects all types of agricultural plants [Michielse, 2009] . In cereals, in addition to rotting the roots, stems often die off, or ears without grain are observed. Plants, affected by rot, are easily pulled from the soil. The disease is found everywhere [Leslie, 2006] . At present, agricultural ecosystems consist of genetically impoverished populations of agricultural plants. They grow at high density, at large spatial scales, herewith the regional species composition of agricultural crops vary only slightly from year to year [Read, 2016] . Despite the significant progress, achieved over the past two decades in the manipulation of genes, the fully resistance of plants to biotic stresses has not been created up to now. Light is one of the most important external factors, having a direct impact on plant development [Casal, 2013; Xinyu Zhang et al., 2017] . The specific effect of light of different spectrum on the growth, development and formation of resistance to pathogenic organisms was studied and proved [Cheng et al., 2004] . It was shown, that the invasiveness and virulence of many pathogens depended on the spectral quality of light [Ricci, 2015; Schuerger, 1997] . At present, the mechanisms of the effect of different spectral composition of light on the infected plant organism are still underexplored. In this regard, the following goal of the research was set: to study the activity of antioxidant protective system of wheat germs, grown in the conditions of red and blue light, under the influence of the pathogenic fungus F. oxysporum.
Methods
As the object of the study, we selected winter wheat of the variety Kazan 560 (Triticum aestivum L.), which has been grown for nine to fourteen days in special germinating box, divided into three lightinsulated blocks: 1 -white light (WL), the light source -luminescent lamps LDS-40, 2 -blue light (BL), the light source -luminescent lamps LH-40, transmission peak -420-460 nm and 3 -red light (RL), the light source -luminescent lamps LK-40, transmission peak -620-640 nm for 12-hour photoperiod. Wheat germs were obtained by growing in cuvettes with sterile river sand on distilled water (control variant) and adding Fusarium oxysporum pathogenic fungi to the growth medium at a concentration of 1 × 10 -6 colonies/ml (test variant). Copyright © 2018 Helix ISSN 2319 -5592 (Online)
The activity of the enzyme Prxs was determined according to the method of Boyarkin [Ermakov et al., 1987] in homogenate. This method is based on the defining the oxidation reaction rate of benzidine to the formation of blue product of its oxidation, in the presence of H2O2and Prxs. The investigations were made using the spectrophotometer Unico; then the fall of optical density was measured at 590 nm during 120 s.
Determination of catalase activity in homogenate The spectrophotometric method, proposed by Aeby [Aeby, 1984] was used for determining the activity of CAT (EC 1.11.1.6). This method is based on defining the decomposition rate of H2O2by catalase of the test sample, to form water and oxygen.
Determination of the activity of ascorbate peroxidase АРХ activity (EC 1.11.1.7) was determined according to the method of Verma and Dubey [Verma, Dubey, 2003 ]. This method is based on determining the rate of decomposition of H2O2 with ascorbate peroxidase of the test sample, to form water and dehydroascorbate.
Determination of the level of lipid peroxidation (content of malonic dialdehyde)
The level of lipid peroxidation (LPO) is judged by the accumulation of the LPO productmalondialdehyde. The MDA content is estimated by the degree of accumulation of the product of its reaction with thiobarbituric acid [Kumar, Knowles, 1993] . The control of test plants for F. oxysporum infestation was carried out on the 14th day of their cultivation. Tested wheat sprouts had dark brown stains on the stems.
Results and Discussion
The influence of spectral composition of light on the morphological characteristics of wheat sprouts The processes of plants are in close relationships both with the intensity of light and with its spectral composition. It was shown, that different spectra of light regulated the growth, development, productivity and photosynthetic processes of plants, as in vitro, as in vivo.
When studying the effect of qualitative composition of light on the morphological parameters of the above-ground length ( Figure 1 ) and the underground part ( Figure 2 ) of wheat sprouts, we showed that infestation with pathogenic fungi, as a whole, negatively affected the growth parameters, especially the length of the foot end of the plant. Dry weight production by the sprouts of wheat The dry weight production is the most important integral indicator, characterizing the growth of both healthy and infested plants, the growth rate of which depends on growth conditions and growth phases. Copyright © 2018 Helix ISSN 2319 -5592 (Online) When studying the level of accumulation of dry biomass in wheat germs, a significant decrease in the dry weight of the underground part of healthy wheat germs and infected with pathogenic fungus F. oxysporum was detected in the BL, compared with the RL and WL. There was also a significant increase in the dry weight content in the control versions of the RL (Figure 3 ). Such changes in the production of dry weight are most likely associated with the specificities of the morphological structure of wheat leaves, grown at different parts of the spectrum [Demina, 2015] . The activity of antioxidant enzymes of healthy and infested wheat germs The key role in the emergence of hypersensitivity reaction and systemic stability under the influence of phytopathogens belongs to several signal molecules -Н2О2, NO, ethylacetat, SA and FA [Pieterse et al., 2009] . In case of infection, the synthesis and content of these compounds increase as in damaged, as in healthy tissues.
At the initial stage of pathogenesis, an oxidative explosion occurs in plant, at the site of the microorganism invasion, and then it leads to a hypersensitivity reaction [Chen, 2012] . In case of oxidative stress, enzyme antioxidants perform the protective function. The most important of them is catalase, which promotes the rapid utilization of hydrogen peroxide [Mhamdi, 2010] . Also, there are reasons to believe, that ascorbate peroxidase is involved in the formation of the crossresistance effect to several stressors [Browse, 2009; Przybyla, 2008] . However, in order to maintain its functions, it is necessary to have high level of ascorbate always. [Polleskaya, 2007] . Peroxidase is represented by proteins, which are produced by cells in response to the invasion of pathogen, and limit its spread by the formation of highly toxic media and the polymerization of oxycinnamic acids, during lignification of the plant cell walls [Sharma, 2012] . When studying the activity of peroxidase in wheat germs under the influence of light of different spectral composition, we found a significant increase in the samples, infected with phytopathogen, that indicated a high level of plant protection to penetration of antagonist ( Figure 4) . The highest activity of this enzyme was observed in the red light, in comparison with white light. Its activation under the influence of RL is realized through the activation of phytochromic system. Increased activity of peroxidase under the influence of RL in case of infection may indicate greater resistance of these sprouts to pathogens. Similar patterns were obtained by other authors. In experiments with the pre-exposure of separate leaves by RL, a direct activating effect of red light on the activity of peroxidase was observed [Kreslavskiy, 2012] .
Wheat germs, which were not treated with the pathogen fungus, and were grown in the blue light, had the greatest oxidative status, which was manifested in the activation of peroxidases. The data, obtained in the course of the study, clearly show the increased content of ascorbate peroxidase in the infected wheat roots, under the influence of red light ( Figure 6 ). A noticeable decrease in the activity of this enzyme is observed in the lighting of sprouts by BL. Under the influence of pathogen, the activity of ascorbate peroxidase decreases, which probably indicates the negative effect of this portion of spectrum on the penetration of F. oxysporum.
The MDA content in the roots of wheat germs It is known, that the toxic effect of pathogens on plants is manifested in the development of oxidative stress and the formation of reactive oxygen species (ROS). ROS are able to initiate lipid peroxidation, resulting in damage of membrane structures [Sharma, 2012] . It is believed, that such product of lipid peroxidation as malonic dialdehyde can be used as a biological indicator of the development of oxidative plant stress in pathogenesis [Shakirova, 2007] . The study of the influence of light of different spectra on the MDA content in case of infection with pathogenic fungus showed, that wheat sprouts, grown in red light, had the least content of MDA. This indicates a high protective status, in case of phytopathogen invasion in the root system. Lignification of cell walls and the activity of antioxidant enzymes have a direct impact on the content of MDA. With a low activity of antioxidant enzymes in plants, grown in a blue light, the content of MDA in them is also low. This indicates the possible effect of other protective systems.
Summary
It was established, that the red spectral region stimulated the growth parameters of the aboveground and underground parts of wheat germs. An increase in the production of dry weight by the underground part of wheat germs was found in case of infection with Fusarium oxysporum, to a greater extent in the red portion of the spectrum. Red spectral region increased the activity of all studied antioxidant enzymes, under the influence of Fusarium oxysporum, that is one of the factors of their increased immunity. At the same time, only the peroxidase activity was increased in a blue light, and the activity of catalase and ascorbate peroxidase was decreased.
Colonization of the sprouts roots by Fusarium oxysporum reduces lipid peroxidation in red and blue light, that indicates their resistance to the studied phytopathogen.
Conclusion
As a result of the conducted studies, it was found, that the spectral composition of light, under the influence of phytopathogenic fungus on wheat germs, could be an important management tool for integrated programs of plant growth and development, and also could regulate the activity of the main antioxidant enzymes.
